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METHODS OF AND DEVICE FOR 
ENCAPSULATION AND TERMINATION OF 

ELECTRONIC DEVICES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a novel method for 
production of and an apparatus for encapsulation and ter 
mination of devices, including electronic or electrochemical 
device. The present invention provides, for example, for 
electrochemical devices, such as, for example, thin-?lm 
batteries With sensitive chemistries that can survive envi 
ronmental exposure While providing external electrical con 
tact to the internal cell chemistry. The method of packaging 
of the present invention may include bonding one or more 
protective multi-layer laminates to the environmentally sen 
sitive surfaces of an electronic device. The present invention 
can provide the advantage of avoiding or reducing entrapped 
air beneath the laminates. 

2. Description of the Art 
One category of encapsulated electrochemical devices 

includes lithium-ion (“Li-ion”) batteries. One standard 
structure used to encapsulate solid-state Li-ion batteries 
incorporates a parylene/copper multi-layer. Although such 
structures may be someWhat impermeable under standard 
ambient conditions, they are poor protectors When exposed 
to elevated temperature and humidity. Another encapsula 
tion method for Li-ion thin-?lm batteries entails the use of 
a multi-layer bag and a bonding adhesive or thermal plastic 
that is edge-sealed to produce a closed bag enclosure. In 
these types of enclosures the bonding adhesive or thermal 
plastic is the Weak point. More importantly, the gas in such 
a sealed bag may expand at elevated temperatures resulting 
in a seam breach. Transport of such a sealed bag to a high 
altitude may create a similar risk of seam breach due to 
differential pressure bag expansion. 

Another category of encapsulated electrochemical 
devices includes lithium batteries. Lithium batteries have 
been available With a liquid electrolyte for some time. 
HoWever, lithium batteries have only recently been manu 
factured in a solid-state con?guration. Among the challenges 
of producing such solid-state batteries is creating a product 
With a long functional life. 

Thin-?lm batteries that contain materials like lithium that 
react When exposed to Water or air must be thoroughly 
shielded or encapsulated from those environments. One such 
encapsulation approach is described in US. Pat. No. 5,561, 
004, Wherein parylene, metal, or ceramic layer combinations 
are employed to produce a thin-?lm barrier. The parylene 
metal encapsulant claimed in this patent, hoWever, is not 
capable of protecting cells at 85° C./85% relative humidity 
accelerated life testing for more than one hour. Another 
encapsulation approach is described in US. Pat. No. 6,080, 
508, Wherein encapsulation is attempted by use of an edge 
sealed multi-layer pouch With insulating strips used to 
protect the conductor leads from shorting through the metal 
layer of the pouch during ?nal edge sealing. HoWever, When 
exposed to 85° C./85% relative humidity for less than 24 
hours, such encapsulant pouches tend to experience seam 
breakage, greatly reducing their potential utility. 

SUMMARY OF THE INVENTION 

The present invention relates to the design and manufac 
ture of and includes a novel high-capacity solid-state encap 
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2 
sulated electrochemical device and cell termination device 
and means as are, for example, disclosed. One embodiment 
of the present invention can survive and continue to provide 
environmental protection for more than tWo Weeks at 85° 
C./85% relative humidity to, for example, electrochemical 
device materials, such as lithium. An example of an elec 
trochemical device may be a poWer device such as, for 
example, a thin-?lm battery. Other encapsulated electro 
chemical devices may be, for example, solid-state batteries 
and photovoltaic cells, superconducting devices, synthetic 
multi-functional materials, as Well as, ?ber reinforced com 
posite material applications. 

The present invention enables, for example, electrochemi 
cal poWer devices With sensitive chemistries to survive 
environmental exposure While providing external electrical 
contact to the internal cell chemistry. The packaging 
approach of the present invention may include bonding one 
or more protective multi-layer laminates to the environmen 
tally sensitive surfaces of the electronic device. The avoid 
ance of entrapped air beneath the laminate may be one 
advantage of the present invention. 

Electronics applications in Which a poWer device such as, 
for example, a battery, needs environmental protection also 
sometimes require electrical contacts to be brought out 
through the boundary of the encapsulation as depicted in an 
embodiment of the invention. To achieve extremely long life 
poWer devices (100,000+ cycles), special attention should be 
given to the methodology utiliZed for the encapsulation and 
electronic termination. Indeed, environmental contact is one 
of the biggest causes of cell failure over long use or storage 
periods. 
An embodiment of the present invention may employ 

terminations or contacts that are bonded and exit, or are 
exposed, either through an edge seam or a cut opening of an 
encapsulated dual or single-sided laminate structure, or 
through an underlying substrate by Way of a metallic via 
(metal-?lled through-hole). The ability to encapsulate 
lithium in an electrochemical poWer device, for example, a 
thin-?lm battery has heretofore been accomplished prima 
rily through simple edge sealing. This “bagging” process 
creates an air pocket that expands at high temperatures, or 
differential pressures, thus risking seam breach With result 
ant cell failure. One advantage of the present invention is 
that seam failure can be avoided by bonding laminate 
materials to a signi?cant portion of the battery surface. The 
product life span of the present invention may be expected 
to exceed the life span of current products, such as, for 
example, the typical three-year life span of current lithium 
products. 

To prevent lithium and lithium-phosphorous-oxynitride 
(“LiPON”) from dissolving in or corroding due to exposure 
to air (especially oxygen, nitrogen or Water vapor), a barrier 
may, pursuant to an embodiment of the present invention, be 
placed betWeen these sensitive materials and the ambient 
atmosphere. The entrapment of air Within the package may 
advantageously be minimiZed during processing. This tech 
nique may provide the additional advantage of preventing 
the buildup of internal pressure caused by thermal gaseous 
expansion or a differential pressure change once the package 
has been closed. 

One approach pursuant to an embodiment of the present 
invention to avoid entrapment of air Within the package 
during the lamination process may include bonding a multi 
layered laminate material to the entire or a substantial 
portion of the surface of the electronic device. This approach 
may add to the seal length of the cell. Furthermore, this 
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approach may avoid a point failure that exposes the internal 
cell pocket of a typical bag-sealed, edge-crimped style 
enclosure to the environment. Employing this method may 
add robustness to the package. Moreover, the full or sub 
stantial portion approach of surface bonding should enhance 
the environmental resistance of the sealed system. 

One embodiment of a preferred multi-layered laminate of 
the present invention may contain a metal layer such as, for 
example, aluminum. Other materials that may also be used 
are, for example, copper, stainless steel, titanium, nickel, 
chromium, silver, gold, indium, magnesium, and calcium. 
Alternatively, a multi-layered laminate containing a non 
porous glass layer may provide similar protection. A metal 
layer used as the barrier layer in the multi-layered laminate 
may provide a convenient, yet undesirable, shorting path for 
the cell. Accordingly, the present invention in certain 
embodiments may employ various means to address this 
potential shorting. 

One Way to address potential shorting may include adapt 
ing process parameters. For example, in the bond layer in 
one embodiment of the present invention, the encapsulant 
may be a thermal adhesive and consequently an insulator. 
During the encapsulant thermal lamination process, the bond 
layer may extrude out from beneath the barrier layer, thus 
naturally insulating the edges of the barrier layer from 
providing a shorting path. The top layer of the laminate 
materials may also be a slip type ?lm that may provide basic 
mechanical protection for the barrier layer. 

The manner of connecting the electronic device of an 
embodiment of the present invention to an electrical circuit 
should be considered When providing a contact means to a 
cell that is to be isolated from the environment. One 
approach for embodiments of electrochemical devices of the 
present invention may be to use Wire-bonding. For example, 
aluminum, gold, and copper may be used for Wire-bonding. 
Other techniques for bonding that may be used in embodi 
ments of the present invention are, for example, using 
conductive adhesive, conductive epoxy, conductive ink, and 
cured conductor composition paste, and further techniques 
such as, for example, spot Welding, soldering, and ultrasonic 
bonding of metals. 

The battery structure of an embodiment of the present 
invention, for example, may be fabricated by layering mate 
rials upon a prepared substrate. The substrate materials may 
include, but are not limited to, ceramic, plastic, or metallic 
materials. The conductive nature of the substrate may be 
considered When selecting the contact and the encapsulation 
materials. 

Deposition of a material on a surface of an embodiment 
of an electrochemical device of the present invention may be 
contained to a speci?c area through several techniques. 
Deposition techniques that may be used in various embodi 
ments of the present invention include, for example, 
shadoW-masking, screen printing, material removal, or full 
area coverage. 

One embodiment of the present invention may be an 
encapsulated electrochemical apparatus having a device 
having a ?rst surface and a ?rst laminate, Wherein the 
laminate may be bonded to a substantial portion of the ?rst 
surface. 

Afurther embodiment of the present invention may be an 
apparatus further having a second surface and a second 
laminate layer, Wherein the second laminate layer may be 
bonded to the second surface of the device. In this 
embodiment, the ?rst and the second laminate layers may be 
connected. 
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4 
Another embodiment of the present invention may be an 

apparatus having a thin-?lm electrochemical device. 
In embodiments of the present invention, laminate layers 

may be connected by techniques such as embossing, 
crimping, and fusing. 

In embodiments of the present invention, the device may 
be selected from a group consisting of a battery, for example, 
a lithium battery, and a solar cell. 

In embodiments of the invention, the apparatus may 
further have one or more thin-?lm layers formed on a 
prepared substrate on the device. 

In an embodiment of the present invention, the apparatus 
may further have a bonded contact attached to the device. In 
this embodiment, the contact may be bonded to a substrate 
on the device With a conductor composition paste. In this 
embodiment, the ?rst laminate layer may have a pre-cut 
opening corresponding to the location of a contact. 

In a further embodiment of the present invention, the 
apparatus may have a via through the substrate on the 
device. In this embodiment, the apparatus may further have 
a contact connected to the via on the device. In this 
embodiment, the contact may be located on a second surface 
of the device. 

In another embodiment of the present invention, the 
substrate may be of a material selected from a group 
consisting of a ceramic, a plastic, and a metal. 

In another embodiment of the present invention, the ?rst 
laminate layer on the device may be a multi-layered lami 
nate. 

In a further embodiment of the present invention, the ?rst 
laminate layer on the device may be a metal layer. In this 
embodiment, the metal layer on the device may be a material 
selected from a group consisting of aluminum, copper, 
stainless steel, titanium, nickel, chromium, silver, gold, 
barrier layer, indium, magnesium, and calcium. 

In another embodiment of the present invention, the ?rst 
laminate layer on the device may be a slip-type ?lm layer. 

In a further embodiment of the present invention, the ?rst 
laminate layer on the device may be bonded to the ?rst 
surface by electrical bonding. In this embodiment, the 
bonding may be achieved by a technique such as Wire 
bonding, using conductive adhesive, using conductive 
epoxy, using conductive ink, using cured conductor compo 
sition paste, spot Welding, soldering, and ultrasonic bonding 
of metals. In this embodiment, the conductor may extend 
through an edge seal of the ?rst laminate layer. 

In one embodiment of the present invention, a conductor 
may be electrically bonded to the contact on the device. In 
this embodiment, the ?rst surface of the device may be 
planar. In this embodiment, the bonding may be to a sub 
stantial portion of the ?rst surface and may be a full planar 
surface bonding. 

In a further embodiment of the present invention, the ?rst 
laminate layer on the device may comprise one or more 
sublayers selected from a group consisting of a sealant layer 
for thermal or adhesive bonding, a tie layer, a metallic layer, 
a plastic layer, and a glass barrier layer. 

In another further embodiment of the present invention, 
the laminate layer on the device may be bonded by a 
technique selected from a group consisting of compressive 
force lamination, elevated temperature lamination, roll 
lamination, and vacuum bag lamination. 

In another embodiment of the present invention, the ?rst 
laminate layer on the device may be adapted to comprise an 
aperture. 
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In one embodiment of the present invention, the apparatus 
may further comprise a mechanical connector af?Xed to the 
?rst surface of the device. 

In one further embodiment of the present invention, the 
apparatus may comprise a contact attached to the device. In 
this embodiment, the contact may be a metal contact. In this 
embodiment, the contact may further be formed by deposi 
tion to the substrate of the device. 

In one embodiment of the present invention, the apparatus 
may further comprise a ?rst contact connected to a second 
contact attached to the device. In this embodiment, the ?rst 
contact may be a metal contact. In this embodiment, the 
second contact may be a bonded contact. In this 
embodiment, the apparatus may further comprise a copper 
coated polyimide element tack-bonded to the contact. In this 
embodiment, the copper-coated polyimide element may be 
tack-bonded With conductive ink. Further, in this embodi 
ment the ?rst laminate layer is adapted to cover the ink and 
the copper-coated polyimide. 

In another embodiment of the present invention, the 
apparatus may further comprise an adhesive backed con 
ductive metal tape af?Xed to the ?rst surface of the device. 

In a further embodiment of the present invention, the 
apparatus may comprise an over-layer laminate bonded to 
the device. 

In yet another embodiment of the present invention, the 
apparatus may comprise an outer encapsulant af?Xed to the 
surface further encapsulating the device. In this 
embodiment, the outer encapsulant material may be selected 
from a group consisting of ceramic, plastic, and metal. 

In one embodiment of the present invention, the encap 
sulated device may contain less than about 50 percent 
encapsulated gas per unit volume. Preferably the encapsu 
lated device may contain less than about 10 percent encap 
sulated gas per unit volume. Yet more preferably, the encap 
sulated device may contain less than about 1 percent 
encapsulated gas per unit volume. Certain embodiments (as 
exempli?ed by FIGS. 1—6) have been demonstrated to 
contain negligible amounts of encapsulated gas. Indeed, by 
using the method of the current invention employing a 
lamination technique performed in an evacuated 
environment, embodiments of the apparatus of the present 
invention have been produced in Which no encapsulated gas 
Was detectable. 

One embodiment of the present invention may be a 
method for producing an encapsulated electrochemical 
device having the steps of providing an electrochemical 
device, providing a ?rst laminate layer, and bonding the ?rst 
laminate layer to a substantial portion of a ?rst surface of the 
electrochemical device. 

In a further embodiment of the present invention, the 
method comprises the steps of providing a second laminate 
layer and bonding the second laminate layer to a second 
surface of the device. This embodiment may further com 
prise a step of connecting the ?rst and the second laminate 
layers. In this embodiment, the step of connecting may be 
accomplished by a technique selected from a group consist 
ing of embossing, crimping, and fusing. 

In another embodiment of the present invention, one or 
more thin-?lm layers may be formed on a prepared sub 
strate. 

One embodiment of the present invention may comprise 
the step of attaching a bonded contact to the device. In this 
embodiment, the step of attaching may comprise selectively 
coating a substrate With a conductor composition paste. 
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6 
A further embodiment of the present invention comprises 

the step of providing the ?rst laminate layer With a pre-cut 
opening corresponding to the location of a contact. 

Another embodiment of the present invention comprise 
the step of providing a via through the substrate. This 
embodiment may further comprise the step of connecting a 
contact to the via. 
One embodiment of the present invention may comprise 

locating the contact on a second surface of the device. 
In embodiments of the present invention, the substrate 

comprises a material selected from a group consisting of a 
ceramic, a plastic, and a metal. In this embodiment, a ?rst 
laminate layer may comprise a multi-layered laminate. 

In embodiments of the present invention, the ?rst lami 
nate layer comprises a metal layer. In this embodiment, the 
metal layer may comprise a material selected from a group 
consisting of aluminum, copper, stainless steel, titanium, 
nickel, chromium, silver, gold, barrier layer, indium, 
magnesium, and calcium. 

In one embodiment of the present invention, the ?rst 
laminate layer may comprise a slip-type ?lm layer. 

In another embodiment of the present invention, the step 
of bonding the ?rst laminate layer may comprise electrical 
bonding. In this embodiment, the bonding comprises a 
technique selected from a group consisting of Wire-bonding, 
using conductive adhesive, using conductive epoXy, using 
conductive ink, using cured conductor composition paste, 
spot Welding, soldering, and ultrasonic bonding of metals. 

In an embodiment of the present invention, the method 
may further comprise the step of electrically bonding a 
conductor to the contact. In this embodiment, the step of 
electrically bonding may comprise the step of extending the 
conductor through an edge seal of the ?rst laminate layer. 

In embodiments of the present invention, the ?rst surface 
may be planar. In this embodiment, the step of electrically 
bonding may comprise full planar surface bonding to a 
substantial portion of a ?rst surface of the device. 

In another embodiment of the present invention, the ?rst 
laminate layer may comprise one or more layers selected 
from a group consisting of a sealant layer for thermal or 
adhesive bonding, a tie layer, a metallic layer, a plastic layer, 
a glass barrier layer, and an enhanced quality layer. 

In one embodiment of the present invention, the step of 
bonding may be accomplished by a technique selected from 
a group consisting of compressive force lamination, elevated 
temperature lamination, roll lamination, heated roll, and 
vacuum bag lamination. 

In a further embodiment of the present invention, the ?rst 
laminate layer may be adapted to comprise an aperture prior 
to being bonded to the device. 
One embodiment of the present invention may further 

comprise the step of af?Xing a mechanical connector to the 
?rst surface. 

Another embodiment of the present invention may further 
comprise the step of providing a contact attached to the 
device. In this embodiment, the contact may be a metal 
contact. This embodiment may further comprise the step of 
attaching the contact to the device by deposition of a 
material on the ?rst surface of the device. 
One embodiment of the present invention comprises 

connecting a ?rst contact to a second contact of the device. 
In this embodiment, the ?rst contact may be a metal contact. 
In this embodiment, the second contact may be a bonded 
contact. 

In one embodiment of the present invention, the method 
further comprises the step of tack-bonding a copper-coated 
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polyimide element to the contact. In this embodiment the 
step of tack-bonding the polyimide element may be accom 
plished by tack-bonding With conductive ink. This embodi 
ment may further comprise the step of adapting the ?rst 
laminate layer to cover the ink and the copper-coated 
polyimide element. 

Another embodiment of the present invention comprises 
the step of af?xing an adhesive backed conductive metal 
tape to the ?rst surface. 

One embodiment of the present invention comprises 
providing an over-layer laminate to the ?rst surface of the 
device. 

Afurther embodiment comprises affixing an outer encap 
sulant material to the surface, further encapsulating the 
device. In this embodiment, the outer encapsulant material 
may be selected from a group consisting of ceramic, plastic, 
and metal. 

In one embodiment of the present invention, the encap 
sulated device may include less than about 50 percent 
encapsulated gas per unit volume. Preferably the encapsu 
lated device may include less than about 10 percent encap 
sulated gas per unit volume. Yet more preferably, the encap 
sulated device may include less than about 1 percent 
encapsulated gas per unit volume. 

Afurther embodiment of the present invention comprises 
the steps of providing exposure for the contact through 
pre-cut openings in the laminate layer and providing Wire 
bonding means to the contact. 

In another embodiment of the present invention, the step 
of bonding may further comprise the step of overlaying the 
?rst laminate layer With a conformal material during at least 
a portion of the step of bonding. 

In one embodiment of the present invention, the step of 
bonding may comprise displacing air by using compliant 
sheet materials on the opposite side of the ?rst laminate from 
the device during at least a portion of the step of bonding. 

In embodiments of the present invention, the step of 
bonding may further comprise displacing air by using a 
vacuum laminator during at least a portion of the step of 
bonding. 

In one embodiment of the present invention, the step of 
bonding may further comprise monitoring shorting by 
depression control. 

In another embodiment of the present invention, the step 
of monitoring shorting comprises the steps of monitoring the 
amount of pressure applied, monitoring the temperature at 
Which the process is performed, monitoring the conformity 
of the compressive surface, and monitoring the amount of 
time for Which these forces are applied. 

It is understood that both the foregoing general descrip 
tion and the folloWing detailed description are exemplary 
and explanatory only and are not restrictive of the invention 
as claimed. The invention is described, for example, in terms 
of a thin-?lm battery, hoWever, one skilled in the art Will 
recogniZe that the present invention can be applied to other 
electronic devices. The accompanying draWings illustrating 
an embodiment of the invention and together With the 
description serve to explain the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side vieW cutaWay diagram of an embodiment 
of the present invention including a deposited metallic 
contact With mechanical termination. 

FIG. 2 is a side vieW cutaWay diagram of an embodiment 
of the present invention including a deposited metallic 
contact With conductive adhesive-backed metallic tape ter 
mination. 
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FIG. 3 is a side vieW cutaWay diagram of an embodiment 

of the present invention including a deposited metallic 
contact With conductive adhesive-backed metallic tape ter 
mination and dual-sided laminate structure. 

FIG. 4 is a side vieW cutaWay diagram of an embodiment 
of the present invention including a deposited metallic 
contact With conductive ink tack-bonding copper-coated 
polyimide. 

FIG. 5 is a side vieW cutaWay diagram of an embodiment 
of the present invention including a Wire-bondable metallic 
contact pad. 

FIG. 6 is a side vieW cutaWay diagram of an embodiment 
of the present invention including a metallic via (through 
hole) With back-side Wire-bond-able metallic contact pad. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

It is to be understood that the present invention is not 
limited to the particular methodology, compounds, 
materials, manufacturing techniques, uses, and applications, 
described herein, as these may vary. It is also to be under 
stood that the terminology used herein is used for the 
purpose of describing particular embodiments only, and is 
not intended to limit the scope of the present invention. It 
must be noted that as used herein and in the appended 
claims, the singular forms “a,” “an,” and “the” include the 
plural reference unless the context clearly dictates other 
Wise. Thus, for example, a reference to “a substrate” is a 
reference to one or more substrates and includes equivalents 
thereof knoWn to those skilled in the art. 

Unless de?ned otherWise, all technical and scienti?c 
terms used herein have the same meanings as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Preferred methods, techniques, devices, 
and materials are described, although any methods, 
techniques, devices, or materials similar or equivalent to 
those described herein may be used in the practice or testing 
of the present invention. All references cited herein are 
incorporated by reference herein in their entirety. 
The process of manufacturing an embodiment of an 

electrochemical battery cell of the present invention may be 
performed in several Ways. For example, as depicted in FIG. 
1, a substrate (100) is provided that may include a number 
of material, such as, for example, metal, ceramic, or plastic. 
Depending on the speci?c substrate, additional layers of 
material may be provided to protect the electrochemical 
device. As described herein, such additional layers may be 
considered to be a part of the substrate (100). 

In one embodiment of the present invention, for example, 
as depicted in FIG. 1, a cathode current collector (ccc) (200) 
may be deposited upon the substrate (100). This ccc layer 
may include a metal from the group Co, Au, Ni, and Ag, or 
any conductor that is non-alloying With lithium. The ccc 
layers may be deposited onto a surface using techniques 
such as DC sputtering or evaporation under vacuum. 

In an embodiment of the present invention, as depicted in 
FIG. 1, a cathodic electrode (300) may be deposited over a 
substantial portion of the ccc layer (200). One example of a 
material used as a cathodic electrode that may be used in the 
present invention is an amorphous lithium cobalt dioxide 
(“LiCoOz”). Methods of the LiCoO2 vacuum deposition that 
may be used in embodiments of the present invention may 
include, for example, RF sputtering. Prior to adding other 
layers to the structure of the electrochemical device, the 
LiCoO2 cathodic electrode (300) may be annealed by crys 
talliZation. CrystalliZation annealing may be achieved by, for 
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example, cycling the substrate to approximately 700° C. 
through a gradual heating and cooling furnace process. 
Other means of producing the desired crystalline structure of 
the cathodic electrode may also be utiliZed. 
A metallic contact layer (400) may also be isolated from 

previously deposited layers of the electronic device of an 
embodiment of the present invention for later contact to the 
anode. This metallic contact layer (400) may include, for 
example, a metal from the group Co, Au, Ni, and Ag, or any 
conductor that is non-alloying With lithium. 
As depicted in FIG. 1, an electrolytic layer (500) may also 

be deposited on the device. The order of deposition of 
contact layer (400) and electrolytic layer (500) is not impor 
tant. This electrolytic layer (500), preferably a lithium 
phosphorous oxynitride, is preferably deposited to substan 
tially or approximately cover the entire ccc (200) and 
cathodic electrode (300) layers, and a substantial portion of 
the remaining surface area of the electronic device. This 
electrolyte coverage may extend such that subsequent metal 
depositions overlay it. RF sputtering is one preferred method 
of vacuum deposition of the electrolyte. 

In a further step of an embodiment of the present 
invention, an anode current collector (acc) (600) may be 
deposited over a portion of the electrolytic layer (500) as 
depicted in FIG. 1. This layer may be positioned directly 
above the cathode (300) region With an additional deposited 
tab opposed to the ccc (200) and an extension that makes 
contact With the metallic contact layer (400). This acc layer 
may comprise several materials including, for example, 
lithium. Methods of vacuum deposition of this layer on the 
appropriate surface may include, for example, DC sputtering 
or evaporation. 
As a further step of an embodiment of the present 

invention, as depicted in FIG. 1, a multi-layer laminate (700) 
may be bonded to the surface of the exemplary electronic 
device con?gurations set forth above. This multi-layer lami 
nate (700) may include one or more of the folloWing types 
of layers: sealant layer for thermal or adhesive bonding, tie 
layer, metallic layer, plastic or glass barrier layer, or a slip 
layer for outside damage protection. Bonding may be 
achieved by using several means including, for example, 
compressive force and elevated temperature in a roll lami 
nator or vacuum bag laminator. Openings for access to the 
contact area may be pre-cut in the multi-layer laminate 
structure prior to bonding. 
When a metal layer is included in the laminate of an 

embodiment of the present invention, it may be desirable to 
control the amount of depression in the laminate structure, 
such that shorting through the laminate does not occur. 
Depression control, especially at the edges, may depend on 
the amount of pressure applied, the temperature at Which the 
process is performed, the conformity of the compressive 
surface, and the amount of time for Which these forces are 
applied. In addition, a conformal material may be overlaid 
upon the multi-layer laminate structure of an embodiment of 
the present invention to displace air during processing. 

Various embodiments of encapsulation approaches of the 
present invention With termination means are presented as 
examples in the folloWing descriptions and ?gures. 

FIG. 1 illustrates one embodiment of the present inven 
tion employing deposited metal contacts and a mechanical 
termination on an exemplary thin-?lm battery. In this 
example, a multi-layer laminate (700) may be bonded to the 
surface of the battery With pre-cut openings over the depos 
ited metal contact areas. Here, the extended ccc (200) and 
the metallic contact layer (400) may not have been atomi 

15 

35 

40 

45 

55 

65 

10 
cally bonded to the substrate such that robust Wire-bonding 
may be produced. Hence, a mechanical connector (800) may 
be af?xed to the surface of the battery. With metallic 
substrates, hoWever, it may be desirable to take care When 
af?xing a mechanical connector to avoid damaging any 
insulating layers. 

FIG. 2 illustrates another embodiment of the present 
invention employing deposited metal contacts, a conductive 
adhesive backed metal tape, and an over-layer laminate. In 
this example, a multi-layer laminate (700) may be bonded to 
the surface of a battery With pre-cut openings over the 
deposited metal contacts. Here, the extended ccc (200) and 
the metallic contact layer (400) may not have been atomi 
cally bonded to the substrate such that robust Wire-bonding 
may be produced. Hence, an adhesive backed conductor tape 
(900) may be af?xed to the surface. Any such adhesive 
backed conductor tape may be used including, for example, 
3M 1181 EMI Shielding Tape. An outer encapsulant (1000) 
may be applied to enhance the prolonged adhesion of the 
adhesive-backed conductor tape (900). The outer encapsu 
lant layer (1000) may be the same material as the multi-layer 
laminate (700). It may, hoWever, be advantageous to use a 
simpler, more economical structure. 

FIG. 3 illustrates another embodiment of the present 
invention employing deposited metal contacts, a conductive 
adhesive backed metal tape, and an over-layer laminate 
applied to both sides of a battery. In this example, a 
multi-layer laminate (700) may be bonded to the surface of 
the battery With pre-cut openings over the deposited metal 
contacts. In this case, the extended ccc (200) and the metallic 
contact layer (400) may not have been atomically bonded to 
the substrate so that robust Wire-bonding may be produced. 
For this reason, an adhesive backed conductor tape (900) 
may be af?xed to the surface. Any such adhesive-backed 
conductor tape may be used, including, for example, 3M 
1181 EMI Shielding Tape. An outer encapsulant (1000) may 
then be applied to ensure the prolonged adhesion of the 
adhesive-backed conductor tape (900). The outer encapsu 
lant (1000) may be the same material as the multi-layer 
laminate (700). A more robust package may be achieved by 
bonding to the battery surface, as described previously, and 
then embossing or crimping (for example thermally) the 
outer edges of the opposed outer encapsulant (1000) ?lms. 
When metallic barrier layers are used, care may be taken to 
ensure that excessive pressure does not short to the 
adhesive-backed conductor tape (900) leads of the cell. 
Proper material-selection factory crimp parameters may be 
utiliZed Without cell shorting. Here, the adhesive bond layer 
of the laminate may also act as an insulator for the leads. 

FIG. 4 illustrates yet another embodiment of the present 
invention employing deposited metal contacts, a copper 
coated polyimide conductor strip tack-bonded With conduc 
tive ink, and the multi-layer laminate structure extended to 
provide strain relief or the contact. In this example, copper 
coated polyimide (1100) may be tack-bonded to the depos 
ited metal contacts With conductive ink (1200). A multi 
layer laminate (700) may be bonded to the surface of the 
battery and may extend over the ink (1200) and copper 
coated polyimide (1100) bond site to provide strain relief to 
the leads. 

FIG. 5 illustrates an additional embodiment of the present 
invention employing deposited metal contacts contacting 
pre-deposited atomically bonded contacts. In this example, 
the substrate (100) may be selectively coated With a con 
ductor composition paste that may be treated to provide an 
atomically bonded contact (1300). A multi-layer laminate 
(700) may be bonded to the surface of a battery. The 
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multi-layer laminate(s) may have pre-cut openings over the 
atomically bonded contacts. Such contacts that are left 
exposed through the openings in the multi-layered laminate 
may be Wire-bonded Without further preparation. 

FIG. 6 illustrates yet another embodiment of the present 
invention employing deposited metal contacts contacting 
pre-deposited metal-?lled conductive through-holes. In this 
embodiment, the deposited contacts may contact atomically 
bonded contacts on the opposite side of a battery. In this 
example, the substrate (100) may be prepared With holes that 
may be ?lled With metal paste, then ?red to provide a 
conductive through path or via (1400). The substrate (100) 
may be selectively coated With a conductor composition 
paste that may be treated to provide an atomically bonded 
contact (1300) on the opposite side of the substrate (100) 
from the deposited cell. Amulti-layer laminate (700) may be 
bonded to the top surface of the battery. Here, extensive 
pressure may be applied along the edges and there may be 
little risk of shorting. 

Other embodiments of the invention Will be apparent to 
those skilled in the art from consideration of the speci?ca 
tion and the practice of the invention disclosed herein. It is 
intended that the speci?cation and examples be considered 
as exemplary only, With a true scope and spirit of the 
invention being indicated by the folloWing claims. 
What is claimed is: 
1. An encapsulated electrochemical apparatus compris 

ing: 
a device having a ?rst surface; and 

a ?rst laminate bonded to at least a substantial portion of 
said ?rst surface; 

Wherein said device comprises less than about 50 percent 
encapsulated gas per unit volume. 

2. The apparatus of claim 1, Wherein said device further 
comprises less than about 10 percent encapsulated gas per 
unit volume. 

3. The apparatus of claim 1, Wherein said device further 
comprises less than about 1 percent encapsulated gas per 
unit volume. 

4. A method for producing an encapsulated electrochemi 
cal device comprising the steps of: 

providing an electrochemical device; 
providing a ?rst laminate layer; and 
bonding said ?rst laminate layer to a substantial portion of 

a ?rst surface of said electrochemical device; 

Wherein said encapsulated device comprises less than about 
50 percent encapsulated gas per unit volume. 

5. The method of claim 4, Wherein said encapsulated 
device further comprises less than about 10 percent encap 
sulated gas per unit volume. 

6. The method of claim 4, Wherein said encapsulated 
device further comprises less than about 1 percent encap 
sulated gas per unit volume. 

7. A method for producing an encapsulated electrochemi 
cal device comprising the steps of: 

providing an electrochemical device; 
providing a ?rst laminate layer; 
bonding said ?rst laminate layer to a substantial portion of 

a ?rst surface of said electrochemical device; and 

displacing air by using compliant sheet materials on an 
opposite side of said ?rst laminate from said device 
during at least a portion of said step of bonding. 
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8. A method for producing an encapsulated electrochemi 

cal device comprising the steps of: 
providing an electrochemical device; 
providing a ?rst laminate layer; 
bonding said ?rst laminate layer to a substantial portion of 

a ?rst surface of said electrochemical device; and 
displacing air by using a vacuum laminator during at least 

a portion of said step of bonding. 
9. A method for producing an encapsulated electrochemi 

cal device comprising the steps of: 
providing an electrochemical device; 
providing a ?rst laminate layer; 
bonding said ?rst laminate layer to a substantial portion of 

a ?rst surface of said electrochemical device; and 
monitoring shorting by depression control. 
10. The method of claim 9, Wherein said step of moni 

toring shorting comprises the steps of: 
monitoring the amount of pressure applied; 
monitoring the temperature at Which the process is per 

formed; 
monitoring the conformity of the compressive surface; 

and 
monitoring the amount of time for Which these forces are 

applied. 
11. A method for fabricating an encapsulated electro 

chemical device comprising: 
providing a multi-layer laminate ?lm comprising: 

a bonding layer capable of bonding to the electrochemi 
cal device; 

a barrier layer forming a substantially impervious layer 
that is not conductive to ions of the active metal of 
the electrochemical device; and 

a non-releasable top coating upon the barrier layer; and 
attaching said bonding layer to said electrochemical 

device. 
12. The method of claim 11, Wherein said barrier layer is 

in contact With at least one electrical terminal of said 
electrochemical device. 

13. The method of claim 11, Wherein said electrochemical 
device comprises a thin-?lm electrochemical device. 

14. The method of claim 11, Wherein said electrochemical 
device is selected from the group consisting of a lithium 
battery, a lithium-ion cell, a lithium-free cell, or a metallic 
lithium anode cell. 

15. The method of claim 11, Wherein said multi-layer 
laminate ?lm has pre-cut openings corresponding to the 
location of terminals of said electrochemical device. 

16. The method of claim 11, Wherein said electrochemical 
device includes a substrate With conducting vias through 
said substrate providing terminals on the opposite side of the 
substrate With respect to the location of said multi-layer 
laminate ?lm. 

17. The method of claim 11, Wherein said bonding layer 
is a slip-type ?lm layer. 

18. The method of claim 11, further comprising attaching 
an electrical conductor to terminals of said electrochemical 
device by electrical bonding. 

19. The method of claim 18, Wherein said attaching 
comprises a technique selected from the group consisting of 
Wire-bonding, using conductive adhesive, using conductive 
epoxy, using conductive ink, using cured conductor compo 
sition paste, spot Welding, soldering, and ultrasonic bonding 
of metals. 

20. The method of claim 18, Wherein a metallically coated 
polymer element is tack-bonded With conductive ink to said 
electrical conductor. 
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21. The method of claim 20, wherein said bonding layer 
is adapted to cover said ink and said metallically coated 
polymer element. 

22. The method of claim 11, Wherein an electrical con 
ductor extends through an edge seal of said bonding layer. 

23. The method of claim 22, Wherein a metallically coated 
polymer element is tack-bonded With conductive ink to said 
electrical conductor. 

24. The method of claim 23, Wherein said bonding layer 
is adapted to cover said ink and said metallically coated 
polymer element. 

25. The method of claim 11, Wherein said bonding layer 
is bonded by a technique selected from the group consisting 
of compressive force lamination, elevated temperature 
lamination, roll lamination, and vacuum bag lamination. 

26. The method of claim 11, Wherein said device com 
prises less than about 50 percent encapsulated gas per unit 
volume. 

27. The method of claim 11 Wherein said device com 
prises less than about 10 percent encapsulated gas per unit 
volume. 

28. The method of claim 11 Wherein said device com 
prises less than about 1 percent encapsulated gas per unit 
volume. 

29. An encapsulated electrochemical device comprising: 
an electrochemical device having a ?rst surface; 

a multi-layer laminate ?lm provided on said ?rst surface, 
said multi-layer ?lm further comprising: 
a bonding layer bonded to said ?rst surface of said 

electrochemical device; 
a barrier layer forming a substantially impervious layer 

that is not conductive to ions of the active metal of 
the electrochemical device on said bonding layer; 
and 

a non-releasable top coating upon said barrier layer. 
30. The device of claim 29, Wherein said barrier layer is 

in contact With at least one electrical terminal of said 
electrochemical device. 

31. The device of claim 29, Wherein said electrochemical 
device comprises a thin-?lm electrochemical device. 

32. The device of claim 29, Wherein said electrochemical 
device is selected from the group consisting of a lithium 
battery, a lithium-ion cell, a lithium-free cell, and a metallic 
lithium anode cell. 
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33. The device of claim 29, said electrochemical device 

further comprising terminals and Wherein said multi-layer 
laminate ?lm has pre-cut openings corresponding to the 
location of said terminals of said electrochemical device. 

34. The device of claim 29, Wherein said electrochemical 
device further comprises a substrate With conducting vias 
through said substrate that serve as terminals on the opposite 
side of the substrate With respect to the location of said 
multi-layer laminate ?lm. 

35. The device of claim 29, Wherein said bonding layer is 
a slip-type ?lm layer. 

36. The device of claim 29, further comprising an elec 
trical conductor electrically bonded to terminals provided on 
said electrochemical device. 

37. The device of claim 36, further comprising a metal 
lically coated polymer element tack-bonded With conductive 
ink to said electrical conductor. 

38. The device of claim 37, Wherein said bonding layer is 
adapted to cover said ink and said metallically coated 
polymer element. 

39. The device of claim 36, Wherein said electrical bond 
is selected from the group consisting of Wire-bond, conduc 
tive adhesive, conductive epoXy, conductive ink, cured con 
ductor composition paste, spot Weld, solder, and ultrasonic 
bond of metals. 

40. The device of claim 29, further comprising an elec 
trical conductor extending through an edge seal formed by 
the interface of said ?rst surface and said bonding layer. 

41. The device of claim 40, comprising a metallically 
coated polymer element tack-bonded With conductive ink to 
said electrical conductor. 

42. The device of claim 41, Wherein said bonding layer is 
adapted to cover said ink and said metallically coated 
polymer element. 

43. The device of claim 29, Wherein said bonding layer is 
bonded by a technique selected from the group consisting of 
compressive force lamination, elevated temperature 
lamination, roll lamination, and vacuum bag lamination. 

44. The device of claim 29, Wherein said device comprises 
less than about 50 percent encapsulated gas per unit volume. 

45. The device of claim 29, Wherein said device comprises 
less than about 10 percent encapsulated gas per unit volume. 

46. The device of claim 29, Wherein said device comprises 
less than about 1 percent encapsulated gas per unit volume. 

* * * * * 
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